Investigations on the associative interrelationships between microorganisms have engaged increasing attention in recent years. As is well known, these relationships play an important role in nature and also in many branches of industrial.microbiology. In view of the great significance of these associative phenomena in biology, and especially in microbiological ecology, this is undoubtedly a field in which great and important a b c 1954, 1955, 1956 ). This method affords opportunities for elucidating the biosynthetic pathways of microbial growth factors such as vitamins and amino acids. More recently, an approach to the study of the interrelationships among microorganisms has been made (Nurmikko, 1955b) . A simple apparatus has been constructed in which the organisms under investigation are separated from each other by one or more dialysis discoveries have yet to be made. However, new techniques will certainly be developed to solve the difficult problems accompanying the study of the biochemistry of mixed microbial populations. The classical pure culture methods are in most cases inapplicable to these studies, or yield only scant information on the chemical factors affecting associations of microorganisms.
The author has previously shown that in certain cases the chemical factors affecting symbiosis among lactic bacteria are vitamins of the B complex and amino acids (Nurmikko, 1952) . On the basis of the symbiotic interrelationships between different species of lactic acid bacteria, a method, designated the symbiotic technique, has been developed (Nurmikko 1 This paper deals with those growth factors which are secreted by microorganisms into the growth medium. Production of some growth factors with certain microorganisms, comparing especially the secreted part of growth factors to the amounts of those reserved by the cells, will be presented in a later paper. membranes in a cell divided into two or more compartments. In these experimental conditions microorganisms can also grow in associations composed of more than two species.
In this paper a method is described for assaying such growth factors as vitamins and amino acids produced by microorganisms, using various dialysis cell systems. This method permits the assay directly in the growing cultures.
MATERIALS AND METHODS Description of dialysis cell. The apparatus consists of two or more compartments made of Pyrex glass, each furnished with a glass tube open at the top, which can be plugged with cotton wool. Figure 1 shows a threecompartment dialysis cell. Each compartment has approximately a 12-to 15-ml capacity (not including glass tube). As shown in figure 1, dialysis membrane (A)2 is placed between the compartments, the surfaces (Nurmikko 1954 (Nurmikko , 1955a Using lactic acid bacteria, the standard vitamin or amino acid solution was added in the following amounts: 0, 0.5, 1.0, 1.5, 2.0, and 2.5 ml per tube. Quantities of 2.5 ml of the basal medium were then placed in the test tubes, and the total volume adjusted with distilled water to 5 ml. In pyridoxine assays with Neurospora, 15-ml quantities of the basal medium were placed in Erlenmeyer flasks. Up to 15 ml of standard pyridoxine solution were added and the volume adjusted with distilled water to 30 ml. In all cases, the basal medium used was diluted with an equal volume of distilled water and placed in the dialysis cells.
After autoclaving at 112 C for 7 min, the dialysis cells and test tubes or Erlenmeyer flasks were cooled, then as test organisms) or 30 C (Neurospora as test organism).
The growth response of lactic acid bacteria was followed turbidimetrically. organism. In the experiments in which L. arabinosus 17-5 was used, the time of incubation was 72 hr. In the Neurospora assays the time of incubation varied from 60 to 72 hr. An indication of the accuracy of the method may be obtained from the results of the recovery experiments presented in tables 1 to 4. The results show that the quantitative recovery of nicotinic acid, folic acid, pyridoxine and phenylalanine with mean average 102.9 per cent (when all determinations of these compounds were taken into consideration) was obtained when known amounts of these compounds were added directly to the dialysis cell used for assaying by the procedure described. The recoveries of the compounds tested were between 93 and 125 per cent. The greatest variation was found in nicotinic acid assays (ranging from 95 to 125 per cent) and the lowest variation in phenylalanine assays (ranging from 100 to 108 per cent). It was found that the variation was approximately ± 5 per cent of the average (102.9 per cent) recovery. Experiments on the production of growth factors. In order to obtain information on the usefulness of the dialysis method, the production of nicotinic acid, folic acid, and phenylalanine by E. coli and the production of pyridoxine by 0. lactis were studied. The test organisms and the basal media in these determinations were the same as those used in the control experiments. Folic acid, phenylalanine and pyridoxine assays were carried out with a 3-compartment dialysis cell and nicotinic acid assay with a 2-compartment dialysis cell. Using the 3-compartment dialysis cell, the two end compartments were inoculated with the microorganisms to be investigated and the middle one with the assay organism. Using the 2-compartment dialysis cell in nicotinic acid assay, one compartment was inoculated with E. coli and the other with L. arabinosus 17-5.
The results of these experiments are given in tables (using 5 replications). The variation of the individual determinations is approximately + 8 per cent of the average value. Tables 6 and 7 show that the production of nicotinic acid and folic acid by the same organism was 40.0 m,ug and 0.26 m,ug, respectively, per mg of the dry weight of the cells. In nicotinic acid assay (6 replications), the variation is approximately 4-10 per cent and in folic acid assay (5 replications) i 5 per cent of the average value.
In all these experiments with E. coli, the time of incubation was 72 hr. The separate determinations showed that this organism can grow very rapidly in the basal media used in this study. The organism reached its. maximum growth after approximately 10 hr. When a nicotinic acid assay was made using an incubation time of 92 hr, practically the same nicotinic acid production was observed as in the experiments with an incubation time of 72 hr.
In table 8 it can be seen that the production of vitamin B6 (revealed as pyridoxine) by 0. lactis was 10.0 m,ig per mg of dry weight of the cells. This mean value was obtained using 5 replicates. The variation of the individual determinations was approximately -+f 4 per cent of the average value. An incubation time of 120 hr was used in this experiment.
DISCUSSION
The principal purpose of the work reported here was to develop a simple microbiological method for the quantitative estimation of vitamins and amino acids directly in growing microbial cultures. The dialysis cell technique described in this paper, which permits the determination of these compounds in the manner desired, is based on their known action as growth factors in associations of microorganisms. The use of dialysis cell systems affords the following advantages. Firstly, the performance of the determinations with the dialysis cell apparatus is easy and time-saving, because this method is designed to obviate the usual necessity of making separate microbiological or chemical determinations from the culture filtrates. Secondly, because the vitamin or amino acid investigated in the dialysis cell system passes through the dialysing membrane to the adjoining compartment containing the test organism, which utilizes this compound immediately for growth, the possibility of the growth factor produced being to any extent inactivated remains very meager. In addition, the fact that the compound tested cannot accumulate in the culture fluids in the dialysis cell system (because this compound will be utilized by the test organism as rapidly as the other microorganism in the adjoining compartment is capable of producing it) may have a considerable influence on the amount of the growth factor produced. amino acids produced by microorganisms. The dialysis cell to be used must be chosen according to the organism employed. For example, with an organism which grows best on the surface of the medium, it would be preferable to use compartments of type c or d (figures 3 to 6). In these cases especially, shaking of the dialysis cells, and also the solutions of the standard series, may be necessary in order to attain rapid dialysis of the growth factors. The modifications shown in figures 1 to 4 were designed for use with lactic acid bacteria as test organisms. Because these organisms are microaerophilic, they must be inoculated into compartments a, b, or f. When Neurospora mutants are to be used as assay organisms, it is preferable to choose one of the dialysis cells shown in figures 3 to 6. In this situation, the mold inoculum would be inoculated into compartments c or d.
In determinations of the growth factors described in this paper, the variation of the average value using 5 or 6 replications per growth factor tested was of the order found in microbiological assays, that is, from 5 to 10 per cent. It is of special interest that the average recoveries of the 3 added vitamins and 1 amino acid from the different dialysis cell systems was 102.9 per cent. This suggests that the test organism can really take up the compound tested quantitatively from the adjoining compartment, through the dialysis membrane.
In the course of developing the dialysis method, it was found to be necessary to take into special consideration the following precautions. In separate experiments it should be verified that no inhibitory growth effect exists in the dialysis cell system between the test organism and the organism whose growth factor production is to be investigated. If the growth of this organism and its growth factor production was especially vigorous, the dialysis cell system was constructed with a view to allowing sufficient nutrient medium for the maximum growth of the test organism (at least at the level of the maximum growth value of the standard series). For example, in pyridoxine determination the compartment of the type a (figure 5) was used for Oospora. The small air area on the surface of the nutrient medium is the factor limiting the growth of this organism, and thus also indirectly the production of pyridoxine. In these growth conditions, the nutrient medium was sufficient for the assay organism Neurospora. Further, it is preferable that the volume of the nutrient solution in the tubes of the standard series and in the compartment of the test organism should be the same. If it seems probable that the activity of the compound tested will decrease during autoclaving, the compound can be added aseptically to the tubes of the standard series after autoclaving of the basal medium. In this case the sterilization of this compound can be accomplished by filtration.
Finally, it should be pointed out that the determination described here is to be regarded as mainly illustrative. Using as examples the determinations of phenylalanine, folic acid, nicotinic acid and vitamin B6, an attempt has been made to give a picture of the general procedure of the dialysis technique. Thus, the estimation of other vitamins and amino acids and the use of other microorganisms require other basal media and modifications of the growth conditions described in this paper.
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The author wishes to thank Professor Artturi I. Virtanen, Director of the Biochemical Institute, Helsinki, Finland, for his encouraging interest in this work and for his valuable discussions. SUMMARY A rapid microbiological procedure is described for the determination of vitamins and amino acids produced by microorganisms. Primarily, this method was developed for the investigation of biochemical factors of importance in microbial associations. Using a dialysis cell system especially constructed for this purpose, it was possible to make analyses directly in the growing cultures. Various types of dialysis cell apparatus are described. Recovery experiments were carried out with phenylalanine, folic acid, nicotinic acid, and vitamin B6. The production of these growth factors with Escherichia coli and Oospora lactis by means of this method was also studied.
